ABSTRACT.--We examined habitat preferences of 106 radio-marked Western Sandpipers (Calidris mauri) in the San Francisco Bay estuary during winter and spring at two scales: comparing proportions of habitats in their home range with habitats available in the study area (second-order selection), and comparing proportions of radio locations in different habitats with their availability in the home range (third-order selection). Daily and seasonal habitat preferences differed significantly as habitat availability changed temporally. Under second-order selection, Western Sandpipers preferred tidal sloughs and mud flats on winter low tides, and salt-pond levees at high tides. They preferred salt-pond levees and mud flats at low tides, and salt-pond levees at high tides under third-order selection. During the spring, their preferred habitats were drained and tidal salt ponds, and seasonal wetlands at high tide. At low tide, their preferred habitats were tidal sloughs and tidal salt ponds. Salt-marsh plains were the least preferred habitats during both seasons. Adults were more selective than juveniles in use of low tide habitats, but salt-pond levees were the most preferred habitats for both. Habitat preferences varied considerably when different estimates of habitat availability and use were used. If mud-flat habitats were measured as linear foraging areas along the tide line, the preference for those habitats increased from second to first. When secondorder selection was estimated from radio locations rather than home ranges, the resulting composition was similar to third-order selection. Our results suggest that regional conservation plans that restore salt marshes for the benefit of endangered species must consider the effects of losing artificial salt-pond habitats, which are locally important for sandpipers. 
Salt-pond levee
high tides and exposed during low tides. The saltmarsh plains included tidal wetlands thickly vegetated with pickleweed (Salicornia virginica) and cord grass (Spartina foliosa). This habitat occurred in strips along slough and levee edges and in a few large (> 100 ha) habitat blocks. We classified drainage channels winding through a salt-marsh plain into a mud flat as tidal sloughs.
We divided the artificial salt-pond complex into four habitats: salt-pond levees, drained salt ponds, tidal salt ponds, and seasonal wetlands. Western Sandpipers primarily used levees because most ponds were flooded to levels that were too deep for wading. The salt-pond operator drained the ponds at irregular intervals, and when water levels became low enough ( <5 cm) to permit the sandpipers to wade in the pond, we identified them as drained salt-pond habitats. We defined tidal salt-pond habitats as salt ponds that had been removed from production and were restored to tidal action. These ponds received diminished tidal flows, and their substrates remained exposed for several hours longer than those in the mud flats. We defined seasonal wetland habitats as those former salt ponds that had no tidal flow and received freshwater, primarily from rainfall.
Estimates of habitat proportions.--The amount of each habitat within the total study area and within each home range was estimated by entering radio locations and home-range ellipses into a geographic information system (GIS; ARCINFO) and by merging them with digitized versions of 1985 U.S. Fish and Wildlife Service National Wetland Inventory (NWI) maps. Each radio location was assigned a habitat type, and we calculated habitat composition of each individual's home range and of the total study area. The amount of mud flats, tidal sloughs, and salt-marsh plains was estimated at mean lower low water (MLLW). All seven habitats were available during low tides, but only five were present during high tides because mud flats and tidal sloughs were submerged. Seasonal wetlands, drained salt ponds, and tidal salt ponds were identified and measured on the NWI maps. The extent of salt-pond levees was estimated by multiplying the perimeter of the ponds by the average inner width of the surrounding levee walls (10 m). We estimated the proportion (25%) of salt-marsh plain unavailable during high tide from the frequency of tides that flooded the salt-marsh plains during the winter and spring.
We also examined habitat preference with an alternate measure of mud flats. We conducted a separate analysis at low tide estimating availability of mud flats 
Compositional analysis.--Habitat preferences of Western Sandpipers were examined with compositional analysis (Aitchison 1986, Aebischer et al. 1993).
We used compositional analysis because, unlike other preference analyses (Neu et al. 1974 , Johnson 1980 , it accounted for nonindependence of habitat proportions (i.e. habitat proportions sum to 1.0) and allowed statistical testing of differences among groups. Each bird was treated as an experimental unit. We divided the proportion of a bird's use of each habitat by availability of that habitat to estimate a preference ratio (n = 7 for low tide, n = 5 for high tide). The preference ratios were adjusted for nonindependence by dividing each of the n -1 independent ratios by the mostused habitat ratio (mud flats at low tide, salt-pond levees at high tide). We transformed the resulting ratios to logarithms, making them linearly independent (Aitchison 1986).
A multivariate-analysis-of-variance (MANOVA) procedure (Johnson and Wichern 1988, SAS Institute

1989) was used to test whether a composition of use-
to-availability log-ratios was significantly different than zero (P d 0.05), indicating that birds were using habitats preferentially. We reported Wilk's X, F-value, degrees of freedom, and probability value for each MANOVA test. When analyses identified habitat preferences, ranks were assigned to each habitat type (see Aebischer et al. 1993 ). Means and standard errors for each of the log-ratios were calculated (Table 2) , and t-tests were used to identify significant differences among habitat ranks (Aebischer et al. 1993) where the probability was 0.05 or less.
We also examined differences in habitat preferences among groups (i.e. scale, season, age) with a MANOVA. In this analysis, differences in the habitat log-ratios (dependent variables) were tested against the groups (independent variables). We did not compare habitat preferences between low and high tides statistically, because two of the habitats were unavailable at high tides.
We investigated how alternative use-and-availability measurements affected the results of compositional analyses. Second-order selection was examined with different estimates of use because White and Garrott (1990:201) suggested errors inherent in calculating home ranges could produce inaccurate results in habitat analyses. In this case, use was represented by bird observations (i.e. the radio locations), while availability was estimated as composition of the total study area rather than home ranges (Baines 1993). press) of the South San Francisco Bay during the study (Fig. 2) . The 95% weighted bivariate home ranges that encompassed low-tide (1,260 + 300 ha) and high-tide (9,300 + 2,500 ha) locations typically encompassed less then 5% of the total study area (Table 1, Fig. 2 ). Winter home ranges at high tide were composed of seasonal wetlands (46%), salt-marsh plains (29%), tidal salt ponds (11%), and drained salt ponds (10%; Table 3 ). Salt-pond levees were the most preferred habitat, followed by drained salt ponds (Table 4) Table 3 ), but compositional analysis indicated that they preferred salt-pond levees most during winter low tide (Table 4) . Mud flats ranked second and were used significantly more than the remaining habitats, while saltmarsh plains were used the least.
When only five habitats were available at high tide, Western Sandpipers displayed different preferences (X = 0.31, F = 8.70, df = 5 and 29, Tables 2 and  3) . Salt-pond levees were ranked as the most preferred habitat, followed by drained salt ponds, tidal salt ponds, and seasonal wetlands (Table 4 (Table 3) consisted mostly of salt-marsh plains (31%), seasonal wetlands (28%), and drained salt ponds (26%), but they were located in seasonal wetlands (43%), drained salt ponds (42%), and salt-pond levees (11%). They preferred drained salt-pond and seasonal-wetland habitats during the spring (X = 0.40, F = 8.50, df = 5 and 29, P < 0.001). Again, salt-marsh plains were the least preferred habitat (Table 4) (Table 4) . However, juveniles used mud flats significantly less than salt-pond levees, while no significant preference between the two habitats was detected for adults. Juveniles had no preference among the remaining habitats, while adults showed a significantly lower preference for salt-marsh plains compared to other habitats (Table 4) . Juveniles and adults also had significantly different habitat preferences at high tide ()• = 0.43, F = 5.19, df = 5 and 28, P = 0.003), although the habitat ranks were the same (Table 5) . Saltpond levees ranked as the most preferred habitat for both adults and juveniles. Drained salt ponds ranked second, but preference for drained salt ponds was not significantly different than for the other habitats (Table 5) (Table 4) . When an areal estimate of mud flats was used, ranks for salt-pond levees and tidal sloughs were reversed, but these habitats remained significantly preferred over other habitats, and salt-marsh plains were least preferred.
Habitat ranking under third-order selection (Table 4) .
Habitat use based on home ranges vs. radio locations.--The effect of using different estimates of habitat use was examined under second-order selection (Table 5) ponds were more highly preferred when home ranges, rather than radio locations, were used to estimate habitat use (Table 5) .
DISCUSSION
Determining the habitat preferences of Western Sandpipers in a dynamic environment such as the San Francisco Bay estuary requires consideration of the temporal variation in their habitats. Daily, their mud-flat and tidal-slough foraging habitats become submerged and, thus, unavailable at high tide. Seasonally characteristics (e.g. rainfall, benthic invertebrate densities) of their environment change, which resuits in differences in their habitat preferences. During high tides, salt-pond levees were the most preferred habitat at both scales of selection (Table 4) Th&d-order selection differences between the winter and spring.--In the spring, 82% of the Western Sandpipers were located in mud flats and tidal sloughs during low tides, and 17% were found within the salt-pond systems (Table 3) . In comparison to winter, they preferred tidal sloughs, drained and tidal salt ponds rather than salt-pond levees, and seasonal wetlands (Table  4) . During high tides, they preferred drained salt ponds and seasonal wetlands more in spring, but salt-pond levees less than in winter.
Salt-evaporation ponds of lower salinity (-< 60 ppt) supported an abundance of benthic inver- 
